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Abstract: The application of non-thermal processing technology (NTP) is increasing within the
food industry. The absence of heat in this technology offer some advantages such as the sensory
and nutritional attributes of the product remaining unaffected, thus yielding products with better
quality compared to traditional processing methods. Suitability of technology for a certain
application varies according to the nature of the reason and the purpose for processing. Some
NTP has long been used in the food industry in Southeast Asia, but most are still at the initial
stage of research. Despite several existing challenges, these technologies have the potential to be
taken up as an alternative to processing of value-added food products especially now when
consumer and trade demands as well as economic strength in the region is changing.
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INTRODUCTION
Non-thermal technologies (NTP) are
processing methods for achieving microbial
inactivation without exposing foods to adverse
effects of heat whilst extending product shelf
life and retaining their fresh-like physical,
nutritional, and sensory qualities (Ade-
Omowaye et al., 2001; Butz and Tauscher,
2002). These technologies include pulsed or
radio frequency electric fields (PEF/RFEF),
ultraviolet light (UV), ultrasound (US), pulsed
light (PL), high pressure processing (HP),
ionizing radiation, dense phase carbon dioxide
(DPCO2) and ozone. The most extensively
researched and promising non-thermal
processes appear to be high hydrostatic
pressure (HHP), pulsed electric fields (PEF)
and high-intensity ultrasound combined with
pressure. Gamma irradiation has long been
developed and researched and it has high
potential in producing safe and nutritious
food. Unfortunately, its development and
commercialization has been hampered in the
past by unfavourable public perceptions
(Resurreccion et al., 1995). Electron beam on
the other hand is more likely to succeed than
gamma rays in the long run as there is no
limitation in supply of raw materials such as
cobalt-60. It is more expensive in terms of
initial costs, but its consistent performance
outshines gamma irradiation.
Interest in NTP technologies have been
increasing among food researchers and
manufacturers, mainly due to safety concerns
about the generation of carcinogens or
harmful materials such as acrylamide found
in baked and fried foods or other thermally
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processed products. Efforts have been made
to improve non-thermal devices (Forney and
Pierson, 2004) with efficient microbial
inactivation capabilities, without generating
harmful compounds. Technologies which
were designed for non-food purposes have now
been modified for food applications and
positive progress have been reported.
Recently, a booming market for nutraceuticals
and functional beverages in Asia as well as price
cuts for vitamins, minerals and pharmaceutical
products in China has led to the increased
trends in food fortification (Frost and Sullivan,
2006). This is an opportunity for those who
would like to take advantage of NTP
technologies to ensure safety and quality of
food products.  The timing is perfect with the
rise in health awareness among consumers.
Like any other process, NTP can be combined
with thermal or other processes as a hurdle
technology or as a compliment to other
processes. Combining non-thermal processes
with conventional preservation methods
enhances their antimicrobial effect so that
lower process intensities can be used (Ross et
al., 2003).  Regardless of the approach,
mechanisms and specific targets, these
technologies are tools for manufacturers to
achieve the same objectives of quality and
safety of manufactured food products. It is the
purpose of this article to address the
opportunities for NTP processing in the
Southeast Asian region and to describe some
of the applications currently researched and
potential applications to be used within the
food industry.
Application of Non-thermal Technologies in Food
Processing
Non-thermal processing (NTP) treatments are
gentler than thermal treatments, with targeted
function for certain microbial inactivation and
quality of products. The ability to retain flavor
and aroma after NTP application is a huge
advantage for Asian foods which often have
stronger taste and aroma compared to Western
foods. The vast variety of flavorful food in
Southeast Asia such as fruits and fruit juices,
sauces and seasonings, cereals, grains, flour
and starches, seafood and meat products,
snacks, and traditionally preserved foods
(fermented, salted, added sugar) creates
potential for the commercial application of
NTP technologies. Some of these technologies
are suitable for small scale entrepreneurs and
some are suitable for large businesses. Besides
cost, suitability of the technology and the
targeted objective of processing the product
must also be evaluated.
a) Ultraviolet Irradiation (UV)
Ultraviolet radiation has been used for several
years as a physical disinfection medium for air,
surfaces and liquids. During processing and
storage of liquid foods, contamination can take
place in many different contact points
(incoming raw materials, storage vessels, air
in storage vessels, equipments, rinse water,
drinking water and water to be added to
foods). UV irradiation can and has been used
at these contact points to reduce microbial
load and minimize contamination (Ngadi et
al., 2004). UV light (254 nm) can be used to
inactivate many types of organisms, including
viruses and has been used for many years in
pharmaceutical, electronic, and aquaculture
industries as a disinfection medium.
Microorganisms exposed to UV light are
affected at the DNA (deoxyribonucleic acid)
level. Thus, the injured reproduction systems
of cells lead to their death. Exposure to UV
light can be applied at different doses for
pasteurization of liquid foods or disinfection
of solid foods (Guerrero-Beltr·n and Barbosa-
C·novas, 2004). Fresh fruit and vegetable
products in pumpable form can be processed
using UV light to reduce food-borne microbial
load. Most of these products are commonly
pasteurized but unfortunately, heat from
thermal pasteurisation can negatively change
the taste and flavor of such products. However,
when using very high UV doses for food
disinfection, loss of nutritional value and
undesirable appearance, may take place
(Mohd Adzahan, 2006; Gardner and Shama,
2000). FDA has approved UV irradiation (21
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CFR 179.39) for use on fruit and vegetable
juices and juice products to achieve the 5-log
reduction of target microorganisms such as
E.coli O157:H7 or Cryptosporidium parvum as
part of HACCP rule compliance (CFR, 2000).
Processors also may use chemical antimicrobial
agents, such as certain sanitizers, on the
surface of citrus fruit as long as FDA has
approved the chemical agent. It has a relatively
lower initial investment compared to heat
pasteurization and the equipment is easy to
operate (Worobo et al., 1998; Choi and
Nielsen, 2004).    In addition, UV pasteurizers
do not take up a lot of floor space and losses
of ascorbic acid, thiamine, riboflavin,
pyridoxine and nicotinic acid due to UV
exposure at 14 mJ/cm2 are comparable to
those in heat treated juices (Mohd Adzahan,
2006).  In the cases of quality and consumer
acceptability tests, there seemed to be little
difference between cider samples that were
untreated and those that were UV-pasteurized
(Choi and Nielsen, 2004; Tandon et al., 2003),
which is an indication of the fresh-like product
quality. Researchers in New Zealand studied
UV treatment of orange and carrot juices
(Tran and Farid, 2004), while European
researchers are fast catching up. Until 2006,
there was no report in Southeast Asia on UV
related research or application for food
processing. Tropical juices are most often
sweet and less acidic compared to cider, hence
the crucial microbial reduction step to
preserve the juice and ensure safety of the
product. Guava, papaya, and pineapple juices
are high in ascorbic acid and exposure to heat
treatment will diminish their nutritional value.
These juices may be suitable for UV processing
as long as they do not have high initial
microbial populations, particulate materials
and organic compounds. Such properties will
prevent low transmissivity of UV light
(Guerrero-Beltran and Barbosa-C·novas,
2004) and hamper consistent exposure of UV
energy throughout the juice. Processing helps
to reduce initial counts of yeast and mold in
the juice or filtering the juice through
membrane technologies before UV irradiation
will result in higher efficiency for microbial
inactivation by UV light (254 nm). Clear and
less turbid juices such as coconut water,
sugarcane and chrysanthemum juice all have
the potential for UV application as a more
economical alternative to heat pasteurization.
Rice and soy milk are also potential products
for UV treatment but no data has been
published on UV treatment of these drinks. A
greater than 5-log reduction of Listeria
monocytogenes was achieved when goat milk is
exposed to a cumulative UV dose of 15.8 ± 1.6
mJ/cm2 (Matak et al., 2005).
Shelf life of UV treated mango nectar
lasted for 20 days with almost no microbial
growth. The nectar maintained yellow and
orange-yellow colors, after 26 days of storage
and polyphenoloxidase activity remained
constant after 30 days. However, the lower the
flow rate during UV treatment, the higher the
browning of nectar during storage. The
maximum log reduction (CFU/mL) in UV
treated (30 min of UV exposure at 0.451 liter/
min) mango nectar was 2.71 and 2.94 for total
microbial count and yeast count, respectively
(Guerreo-Beltr·n and Barbosa-C·novas, 2006).
There is still a lot of room for research and
improvement in this area and it is crucial that
studies are conducted on variables such as flow
rate, exposure time, type of fruit product, color
of fluid and composition of the beverage in
order to ensure reduced microbial load,
increased shelf life and nutritious with
acceptable taste.
b)    Ionizing Radiation
New regulations by USDA-APHIS allow
countries such as Chile, Brazil Philippines,
Malaysia and Thailand to export fruits and
vegetables to the United States which increases
the capability of these countries in food
irradiation (CFR, 2001). Gamma and electron
beam irradiation are used to inhibit the
sprouting of vegetables, extension of shelf life
of fresh produce, control of pathogenic
organisms, insect and microbial disinfestations
and sterilization of food and food packaging
materials (Kanatt et al., 2005; Chouliara et al.,
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2006; Javanmard et al., 2006). Irradiation of
food up to an overall dose of 10 kGy is accepted
in several countries for commercial food
processing (Lacroix and Quattara, 2000).
However, the formation of metmyoglobin
when meat was exposed to higher dose was
reported (Brewer, 2004). Sausages made from
fermented, uncooked pork wrapped in a
banana leaf (Nham) are considered a great
delicacy in Thailand which has frequently
caused intestinal illness due to bacterial
contamination. Fortunately, this is no longer
the case as irradiation has provided an efficient
way of making Nham safe for Thai consumers.
Som tam is a popular spicy papaya salad
originating from Laos and the Isan region of
northeastern Thailand. The main ingredients
are fermented fish and salted crab. The
ingredients are now irradiated for export.
Onions are a highly marketed produce in
Thailand, and because of the climate, shelf-
life is fairly limited during storage in markets
and households. An alternative to systemic
chemical treatment (e.g. maleic hydrazide) for
sprouting inhibition is the application of
absorbed doses of ionizing radiation of about
1 kGy (Biramontri et al., 1989). Effect of
gamma irradiation combined with hot water
dip and transportation from Thailand to
Canada improved the shelfe-life, biochemical
and physical characteristics of Thai mangoes
(Nahng Glahng Wahn variety) (Gagnon et al.,
1993).  Reibroy et al. (2007) studied the effect
of irradiation on properties and storage
stability of Som-fug produced from bigeye
snapper. It was found that the irradiation at
low dose (2 kGy) could be used to control the
over fermentation of Som-fug up to 20 days at
4oC without adverse effects on quality and
acceptability.
c)     Pulsed Light Processing
The FDA has approved pulsed light for the
treatment of food (CFR Title 21, Sec. 179.41)
for surface microorganism control, with the
total cumulative treatment not exceeding 12.0
(J/cm2) and the pulse duration is no longer
than 2 milliseconds (CFR, 2000). The
application is suitable for surface treatment of
food packaging materials, egg shells,
processing equipments and production lines,
sliced meats and raw or fresh cut fruits and
vegetables (Szabo et al., 2006). Fishermen
producing salted seafood products can use this
technology to prevent growth of resistant
microorganisms; especially so that the intensity
of pulsed light is more than the sunlight. The
germicidal effect appears to be due to both
the high UV content and the brief heating
effects which come from the infrared portion
of the light. While UV causes damage to the
nucleic acid and other components of the cell,
the instantaneous heating of the cell results
in the rupture of the cell wall, or lysing
(Wekhof, 2000).
d) Pulsed Electric Field (PEF)
PEF is the application of short-duration pulses
(1-100ms) of field strength (10-50 kV cm-1) to
a product placed between two electrodes.
Recently, the continuous flow-through
chambers has developed and upgrading offer
possibilities (Qin et al., 1998). Microbial
inactivation by PEF is believed to be caused by
the PEF on the cell envelopes. PEF can cause
formation of pores affecting the integrity and
functionality of the membrane. These pores
can be reversible or irreversible, depending
on the degree of membrane damage (Ho and
Mittal, 1996; Weaver and Chizmadzhev, 1996).
Under mild pulsation conditions, the pore
formation in the membrane will be reversible,
whereas more drastic conditions will lead to
irreversibility of this phenomenon, which will
eventually result in cell death (Barbosa-
C·novas et al., 1999). The optimum conditions
of inactivation of microorganisms depend on
species and processing conditions (Abram et
al., 2003; Rodriguez-Calleja et al., 2006). The
main parameters are electric field strength,
pulsed length, number of pulses, pulse shape
and starting temperature (Wouters et al. 2001).
Physical and chemical characteristics such as
pH, conductivity and ionic strength of the
medium in which the microorganisms are PEF
treated can influence microbial inactivation
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(Alvarez et al. 2000).  Sub-lethal injury caused
by PEF in Escherichia coli (Garcia et al., 2003)
and the effectiveness of PEF to inactivate
enzymes has been reported (Giner-Segui et al.,
2006).
e) High Pressure Processing (HP)
Sauces and seasonings play a significant role
in Asian dishes. Most of these products have
been either fermented, salted, dried or added
sugar or acid for preservation purposes.
Despite that, due to microbial resistance to
traditionally harsh conditions, further
preservation is needed. A method which is
suitable for reducing microbial counts in
sauces and seasonings is high pressure
processing (HP). Research on HP applications
have been done on juices, seafood, pork, milk,
fruit jams and eggs (Berlin et al., 1999; Linton
et al., 1999; Patterson and Kilpatrick., 1998;
PrÈstamo et al., 1999; Mussa et al., 1999; Yuste
et al., 1999; Ponce et al., 1999). Surimi gels from
Pacific whiting obtained by HP were less
opaque than traditionally heat set gels and had
higher stress and strain values than those of
heat set gels (Chung et al., 1994). Guacamole,
a product made from avocado has high fat
content and very low acid and has been
processed using HP and commercialized (San
Martin et al., 2002).  The durian fruit has high
fat content and low acid just like guacamole.
‘Tempoyak’, a fermented Malay side dish made
from this fruit may be suitable for
commercialization using HP processing.
Durian has a variety of volatile flavor
compounds or/and aroma and its texture,
taste and smell can be altered by heat (Voon et
al., 2006), which is the reason why NTP should
be seriously considered as an alternative to a
thermal process.
Nuts have the potential of causing harmful
diseases such as salmonellosis as well as
intoxication from aflatoxins. Reports on raw
almonds treated with high hydrostatic pressure
to reduce Salmonella enteriditis have proven
effective and the same application can be used
on peanuts and other nuts, soybeans and
legumes. This is done by suspending the food
to be pressurized directly in the pressurizing
medium (water) which would increase the Aw
of the food, leading to an improved reduction
in the concentration of vegetative bacteria
(Goodridge et al., 2006).
A type of soybean vegetable protein that
Asians have long consumed and its intake is
increasing in other countries is known as tofu.
High pressure treatment of tofu at 400 MPa at
5oC for 5, 30, and 45 min showed reduction of
the Gram-negative and Gram-positive
microorganisms without causing any negative
effects in terms of its sensory properties.
Micrographs on the cryofracture observed
with a cryoscanning electron microscope
revealed a more compact structure after
pressure compared with that of untreated
samples, but the aggregates in the treated
samples were more disperse (PrÈstamo et al.,
2000). One study reported that soybean-to-
water ratio of 1:8 ratio at pH 7 led to
pressurized soymilks which have color and
viscosity properties similar to the untreated
soymilk, with enhanced emulsion stability
(Lakshmanan et al., 2006).
f) Dense Phase Carbon Dioxide (DP-CO2)
DP-CO2 or supercritical and liquid CO2 is a
cold pasteurization method that affects
microorganisms and enzymes through
molecular effects of CO2 under pressure and
suitable for juices and dairy based beverages.
Pozo-Insfran et al. (2006) reported that
thermal pasteurization decreased
anthocyanins (16%), soluble phenolics (26%),
and antioxidant capacity (10%) whereas no
changes were observed for DP-CO2 Muscadine
grape juices including its sensory attributes.
Application of DP-CO2 extraction includes
extraction of lycopenes from tomatoes,
removal of caffeine from tea or coffee,
extraction of flavor and aroma from hops in
breweries, freeze-drying of vegetables and
removing fat from animal products such as
powdered eggs. The pharmaceutical industry
also uses DP-CO2 extraction to remove
medicinal compounds from herbs.
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g) Ultrasound and ozone
Ultrasound is energy in the form of sound
waves with a frequency greater than 20 kHz.
It has proven bactericidal effects, especially
when combined with other microbial-
reduction strategies such as mild heating or
pressure. A combination of pressure, thermal
and ultrasound is called manothermo-
sonification  (MTS) and this combination has
been proven to be more effective in reducing
pathogenic microorganisms and in retaining
quality of juices (Kuldiloke, 2002). Ultrasound
treatment (sonifier probe at 20 kHz, 100%
power level, 150 W acoustic power, 118 W/cm2
acoustic intensity) combined with mild heat
(57oC) for 18 min resulted in a 5-log reduction
of L. monocytogenes in ultrahigh-temperature
milk, a 5-log reduction in total aerobic bacteria
in raw milk, and a 6-log reduction in E. coli
O157:H7 in pasteurized cider (D’Amico et al.,
2005). Ultrasound is now applied to food
products for microbial an enzyme inactivation
and for food extraction via mechanical actions.
Ultrasonic cavitation produces shear forces
which breaks cells mechanically and allows
material transfer from cell into solvents.
Particle size reduction by the cavitation
increases the surface area in contact between
liquid and solid phases, an advantage when
extraction of compounds is expected. The
technology has been used for extraction of
phenolic compounds from vacuolar structures
by disrupting plant tissues, extraction of lipids
and proteins from seeds, emulsification,
viscosity improvement, homogenization and
improvement of dispersion stability in liquid
foods. This technology has also been used for
salads, vegetables, fresh poultr y, sauces,
confectionaries, beverages, juices and purees,
dairy products, as well as for sanitized washing
and for waste water treatment. For poultry
products, ozone in combination with
ultrasound is an option to reduce microbial
counts. Ozone can be used for both the
products and also the equipment and facility,
doesn’t leave a residue, eliminates the storage
problems associated with peroxide, chlorine
dioxide and other sanitizers and is more
effective in reducing pathogen loads (Ngadi
et al., 2004).
Regional Issues
a) Post-Harvest Losses and Aquaculture
Southeast Asia is endowed with agricultural
resources and seafood products but in terms
of trade, disruptions due to shortcomings in
food quality have also been on the increase.
Many local fruits with the potential for
commercialization are grown sporadically in
small farms. These fruits are often seasonal
with many healing and anti-oxidative
properties, but are highly perishable. Pre and
post harvest losses in Asian countries range
from 20-50% (Senik, 1995; ASEAN, 2006).
The region’s climate adds more stress and
accelerates the decay of tropical produce
through increased respiration rate.  To
overcome unnecessary losses, ASEAN has
conducted the project on Quality Assurance
Systems for ASEAN Fruits (QASAF).  These
systems cover post-har vest handling
techniques and minimal processing for
selected fruit types. Unacceptable pesticide
residue levels in fruits and vegetables,
antibiotic residues in seafood and poultry
mycotoxins in crops and peanuts produced
within the region have been the cause of
rejection of food export from the Asian region
since 2001 which contributed to a huge trade
loss (de Haen, 2002).  Such unnecessary losses
can be prevented using cost effective methods
or technologies to preserve the shelf life and
quality of raw materials and processed foods.
This is a step which can be accomplished using
selected non-thermal processing technologies
depending on the purpose of treatment and
nature of the food.
Aquaculture or fish farming has expanded
dramatically in the past few years. The
consumption of aquatic plants and raw or
partially cooked freshwater fish has been
associated with food borne trematode (FBT)
infections, which has been a major problem
in East and Southeast Asia causing trade loss
and health issues. The economic impact of
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FBTs was estimated in Thailand to be US$ 65
million (lost income per annum), with
additional US$19.4 million for treating
infected individuals. Another example is a ban
on fish imports into the EU which cost one
Asian country $335 million of lost export
opportunities (de Haen, 2002). A more
secured food chain can be established if such
raw aquatic products could be treated before
reaching consumers to prevent diseases caused
by parasites and microorganisms. Food safety
measures and good handling practices and
microbial reduction treatments such as NTP
technologies (UV, ozone) to treat the ponds
and facilities can eliminate the risk of FBTs.
However, these safety measures can be very
difficult to implement in small-scale
subsistence aquaculture situations.
b) Microbial Resistance to Harsh
Environments
Microorganisms can adapt to survive severe
environments which were traditionally
harmful to them. This is especially true of
bacteria that have modified their DNA by
chromosomal mutation and by acquiring
resistance genes via conjugation,
transformation, and even transduction. There
are seemingly no boundaries to the capabilities
of some microorganisms to develop resistance
(Wood and Moellering, 2003). Products which
have been preserved using acid, salt and sugar
may no longer be well preserved due to
microorganisms becoming resistant and
consequently survive harsh environments.
Apple cider, an acidic product is
traditionally safe for consumption and
consumed raw. Cider producers are reluctant
to use heat pasteurization mainly due to the
cost and its destructive effects on the flavor
and aroma of ciders. They are often small scale
businesses which have their own niche market,
and prefer technologies which do not change
the flavor of raw cider.  However, due to
microbial resistance, many life-threatening
outbreaks such as infections from
enterohemorrhagic (EHEC) strain designated
E. coli. O157:H7. E. coli have taken place (Leyer
et al., 1995; Cheng et al., 2003; CDC, 2006).
This is the reason for the extra precaution of
treating ciders to ensure their safety.
Fortunately, they can now use UV irradiation,
an approved method to reduce microbial
counts (Worobo et al., 1998) and maintain the
taste of raw cider (Tandon et al., 2003; Choi
and Nielsen, 2004).  Southeast Asia is well
known for soy sauce, fish sauce, fruits in syrup
pickles, dried and salted seafood or meat
products. Some of these products are
produced in the backyard industr y and
changes in microbial resistance can take place
without the producers realizing as there were
no quality control procedure in some facilities.
This is an important aspect of processing and
preservation because what was confirmed to
work last time may not be effective anymore.
Challenges for ASEAN Countries
a) Cost
Cost-effectiveness is a major concern that
needs to be addressed besides proper selection
of a processing method for a product. Some
NTP technologies are relatively more costly
than others (Majchrowicz, 1999). If the overall
cost and efficiency can be justified with
consumers’ perceived product quality
improvement, then food manufacturers and
investors will consider investing in such
technologies. Since heat production during
NTP is not substantial, a cooling step is not
necessary after treatment. This makes the
process relatively economical compared to
thermal pasteurization. For example, the cost
of pasteurization (~ 5 US cents/gal) is feasible
for most medium to large-size juice plants with
a sound investment of product safety
(Kozempel et al., 1998).  However, for small
scale juice producers, they could produce a
quality product without residual chemicals or
radioactivity (Morgan, 1989) and with high
retention of volatile flavour compounds at a
lower cost (~ 2 US cents/gal) through the use
of UV irradiation (Higgins, 2001).  Since UV
pasteurizers cost around $15,000, this allows
cider producers, who have very little capital
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investment abilities, to utilize a cheaper
processing method than thermal
pasteurization, which costs $20,000–$30,000
(Majchrowicz, 1999). In short, its effectiveness
in reducing food borne pathogens with
minimal installation, employee training and
licensing costs may allow the commerciali-
zation of UV treatment for small-scale
operations.
b) Consumers Rule
Some NTP technologies like irradiation,
electric fields, ultrasound and ultraviolet light
are often not well perceived, leading to
misunderstanding and rejection by consumers
of treated food products.  They relate these
technologies to harmful events, toxicity and
most likely will assume higher pricing for
products treated with such technologies.
Proper consumer education to increase
awareness on applications of NTP technologies
are important and must be carried out to
promote consumer acceptance and further
diversify options for food processing
manufacturers to produce safe, fresh-like and
quality products.
c) Competitive International Trade
ASEAN Economic Community plans to
establish ASEAN as a single market and
production base, turning the diversity that
characterizes the region into opportunities for
business complementation and making the
ASEAN a more dynamic and stronger segment
of the global supply chain which creates
economic competitiveness (ASEAN, 2006).
This is a challenge for ASEAN countries, but
with the establishment of AFTA and other
guidelines or trade policies such as Halal food
production and certification in the region, this
challenge can become a strength. Muslims
make up half the population of Southeast Asia
today with Indonesia having the world’s biggest
Muslim population (CIA, 2006). Therefore,
Halal certification is not just a concern in Islam
as a religion but also a concern in business as
it is a mark for product safety and quality as
well as money-spinning business due to high
consumer demands.
Final Remarks
Non-thermal processing technologies have the
potential to improve food chain security and
add value to food products. Southeast Asia has
the strengths, capacity and reasons to support
the use of NTP. Economic limitations suggest
that suitability and hurdle technology studies
are crucial in order to get NTP technologies
to move closer to the realm of
commercialization in Southeast Asia.
REFERENCES
Abram, F., Smelt, J.P.P.M., Bos, R. and Wouters, S.
2003. Modelling and optimization of
inactivation of Lactobacillus plantarum by pulsed
electric field treatment. Journal of Applied
Microbiology, 95: 571-579.
Ade-Omowaye, B.I.O., Angersbach, A., Taiwo, K.A.
and Knorr, D. 2001. Use of pulsed electric field
pre-treatment to improve dehydration
characteristics of plant based food. Trends in
Food Science and Technologies, 12: 285-295.
Alvarez, I., Raso, J., Palop, A. and Sala, F.J. 2000.
Influence of different factors on the
inactivation of Salmonella senftenberg by pulsed
electric field. International Journal of Food
Microbiology, 55: 143-146.
ASEAN Secretariat. 2006. ASEAN Statistical Pocket
Book. Jakarta. Downloaded from http://
www.aseansec.org/19188.htm on 05/01/07.
Barbosa-C·novas, G.V., GÛngora, M.M.,
Pothakamury, U.R. and Swanson, B.G. 1999.
Preservation of foods with pulsed electric
fields. London: Academic Press Ltd.
Berlin, D.L., Herson, D.S., Hicks, D.T. and Hoover,
D.G. 1999. Response of pathogenic Vibrio
species to high hydrostatic pressure. Applied
Environment Microbiology, 65 (6): 2776–2780.
Biramontri, S., Thongmitr, W. and
Wanitsuksombut, W. 1989. Dosimetry for
commissioning and quality control in the
ASEAN Food Journal Vol. 14, 141-152
Potential of Non-Thermal Processing for Food Preservation in Southeast Asian Countries   149
irradiation of onions. International Journal of
Radiation Applications and Instrumentation.
Part A. Applied Radiation and Isotope, 40 (4):
349-354.
Brewer, S.  2004. Irradiation effect on meat colour
- a review. Meat Science, 68 (1): 1-17.
Butz, P. and Tauscher, B. 2002. Emerging
technologies: chemical aspects. Food Research
International, 35: 279-284.
Center for Disease Control (CDC). 2006. Botulism
associated with commercial carrot juice —
Georgia and Florida, September 2006.
Morbidity and Mortality Weekly Report, 55
(Dispatch): 1-2. Downloaded from http://
www.cdc.gov/MMWR/preview/mmwrhtml/
mm55d106a1.htm on 02/02/07. Date last
reviewed: 06/10/2006
Cheng, H.Y., Yu, R.C., and Chou, C.C. 2003.
Increased acid tolerance of Escherichia coli
O157:H7 as affected by acid adaptation time
and conditions of acid challenge. Food
Research International, 36 (1): 49-56.
Choi, L.H. and Nielsen., S.S. 2004. The effects of
thermal and nonthermal processing methods
on apple cider quality and consumer
acceptability. Journal of Food Quality, 28: 13-
29.
Chouliara, I., Samelis, J. Kokouri, A., Badeka, A.
Savvaidis, I.N., Riganakos, K. and Kontominas,
M.G. 2006. Effect of irradiation of frozen
meat/fat trimming on microbiological and
physiochemical quality attributes of dry
fermented sausages. Meat Science, 74 (2): 303-
311.
Chung, Y. C., Gebrehiwot, A., Farkas, D. F. and
Morrissey, M. T. 1994. Gelation of surimi by
high hydrostatic pressure. Journal of Food
Science, 59 (3): 523–524, 543.
CIA.  2006. The World Factbook. Downloaded from
https://www.cia.gov/cia/publications/
factbook/index.htm on 08/02/07.
Code of Federal Regulations. 2000. Irradiation in
the production, processing, and handling of
food. Title 21 Part 179. Office of the Federal
Register. Washington, DC.: U.S. Government
Printing Office.
Code of Federal Regulations. 2001. Importation of
fruits and vegetables. 7 CFR Parts 300 and 319.
Office of the Federal Register: Rules and
Regulations, 66(167): 45151-45161.
Washington, DC.: U.S. Government Printing
Office.
D’Amico, D.J., Silk, T.M., Wu, J. and Guo, M. 2006.
Inactivation of microorganisms in milk and
apple cider treated with ultrasound. Journal
of Food Protection, 69 (3): 556–563.
de Haen, H. 2004. Potential danger of food
contamination and food-borne diseases.  FAO/
WHO Regional Conference on Food Safety for
Asia and Pacific, May 24, 2004. Seremban,
Malaysia. FAO Newsroom. Downloaded from
http://www.fao.org/newsroom/en/news/
2004/43073/index.html on 01/01/07.
Forney, L.J. and Pierson, J.A. 2004. Ultraviolet
disinfection improved methods of UV
processing for fruit juices. Resource (Jan/Feb
Issue), 7-8 Downloaded from  http://
atrp.gatech.edu/pdfsUltraviolet_Resource.
pdf on 08/03/07.
Frost and Sullivan Research Service. 2006. Growth
opportunities in the food & beverage
ingredients markets.  Frost & Sullivan Food &
Beverage Ingredients Practice, 3 (1). URL:
Downloaded from http://www.frost.com/
prod/servlet/cpo/59873697 on 21/02/07.
Gagnon, M., Lacroix, M., Pringsulaka, V., Latreille,
B., John, M., Nouchpramool, K.,
Prachasitthisak, Y., Charoen, S., Abdulyatham,
P., Lettre, J. and Grad, B. 1993. Effect of
gamma irradiation combined with hot water
dip and transportation from Thailand to
Canada on biochemical and physical
characteristics of Thaimangoes (Nahng
Glahng Wahn variety). Radiation Physics and
Chemistry, 42 (1-3): 283-287.
GarcÌa, D., Gumez, N., CondÛn, Raso, J., and
Pag·n, R. 2003. Pulsed electric fields cause
sublethal injury in Escherichia coli. Letters in
Applied Microbiology, 36: 140-144.
ASEAN Food Journal Vol. 14, 141-152
150      Mohd. Adzahan, N. and Benchamaporn, P.
Gardner, D.W.M. and Shama, G. 2000. Modeling
UV induced inactivation of microorganisms on
surfaces. Journal of Food Protection, 63 (1):
63–70.
Giner-SeguÌ, J., Bailo-BallarÌn, E., Gorinstein, S. and
MartÌn-Belloso, O. 2006. New kinetics
approach to the evolution of polygalac-
topyranose (EC 3.2.1.15) activity in a
commercial enzyme preparation under pulsed
electric field. Journal of Food Science, 71 (6):
262-171.
Goodridge, L.D., John Willford, J. and
Kalchayanand, N. 2006.  Destruction of
Salmonella Enteriditis inoculated onto raw
almonds by high hydrostatic pressure. Food
Research International, 39: 408–412.
Guerrero-Beltran, J.A. and Barbosa-Canovas, G.V.
2004. Review: Advantages and limitations on
processing foods by UV light. Food Science and
Technology International, 10: 137-147.
Higgins, K.T. 2001. Fresh today, safe next week.
Food Engineering, 73 (44–46): 48-49.
Ho, S.Y. and Mittal, G.S. 1996. Electroporation of
cell membranes: a review. Critical Reviews in
Biotechnology, 16: 349-362.
Javanmard, M., Rokni, N., Bokaie,  S. and
Shahhoseini,  G. 2006. Effect of gamma
irradiation and frozen storage on microbial,
chemical and sensory quality of chicken meat
in Iran. Food Control, 17: 469-473.
Kanatt, S.R., Chander, R. and Sharma, A. 2005.
Effect of radiation processing of lamb meat on
its lipids. Food Chemistry, 79 (1): 80-86.
Kozempel, M., Mcaloon, A. and Yee, W. 1998. The
cost of pasteurizing apple cider. Food
Technology, 52: 50-52.
Kuldilloke, J. 2002 Effect of ultrasound,
temperature and pressure treatments on
enzyme activity and quality indicators of fruit
and vegetable juices. In School of Process
Sciences and Eng. Berlin: Technical University
of Berlin.
Lacroix,  M. and Quattara, B. 2000. Combined
industrial processes with irradiation to assure
innocuity and preservation of food products -
a reviewed. Food Research International, 33:
319-724.
Lakshmanan, R., Lamballerie, M.D. and Jung, S.
2006. Effect of soybean-to-water ratio and pH
on pressurized soymilk properties. Journal of
Food Science, 71 (9):  E384-E391.
Leyer, G.J., Wang, L.L. and Johnson, E.A.  1995.
Acid adaptation of Escherichia coli O157:H7
increases survival in acidic foods. Applied
Environment Microbiology, 61 (10): 3752-
3755.
Linton, M., McClements, J. M. J. and Patterson, M.
F. 1999. Inactivation of Escherichia coli O157:H7
in orange juice using a combination of high
pressure and mild heat. Journal of Food
Protection, 62 (3): 277–279.
Majchrowicz, A. 1999. Innovative technologies
could improve food safety. Food Safety, 22: 16–
20.
Matak, K.E.,  Churey, J. J., Worobo, R. W., Sumner,
S. S., Hovingh, H. E., Hackney, C. R. and
Pierson, M. D. 2005. Efficacy of UV light for
the reduction of Listeria monocytogenes in goat’s
milk. Journal of Food Protection, 68 (10):
2212-2216.
Mohd Adzahan, N. 2006. Effects of ultraviolet
treatment on water soluble vitamin retention
in aqueous model solutions and apple juice.
Ithaca, New York, USA: Cornell University,
Ph.D thesis.
Morgan, R. 1989. UV ‘green’ light disinfection.
Dairy Industries International, 54: 33-35.
Mussa, D. M., Ramaswamy, H. S. and Smith, J. P.
1999. High-pressure destruction kinetics of
Listeria monocytogenes on pork. Journal of Food
Protection, 62 (1): 40–45.
Ngadi, M., Jun, X., Smith, J. and Raghavan, G.S.V.
2004. Inactivation of Escherichia coli O157:H7
in poultr y chiller water using combined
ultraviolet light, pulsed electric field and ozone
ASEAN Food Journal Vol. 14, 141-152
Potential of Non-Thermal Processing for Food Preservation in Southeast Asian Countries   151
treatments. International Journal of Poultry
Science, 3 (11): 733-737.
Patterson, M. F. and Kilpatrick, D. J. 1998. The
combined effect of high hydrostatic pressure
and mild heat on inactivation of pathogens in
milk and poultry. Journal of Food Protection,
61 (4): 432–436.
Ponce, E., Pla, R., Sendra, E. and Guamis, B. 1999.
Destruction of Salmonella enteritidis inoculated
in liquid whole egg by high hydrostatic
pressure: comparative study in selective and
non-selective media. Food Microbiology, 16:
357-365.
Pozo-Insfran, D.D., Balaban, M.O. and Talcott, S.T.
2006. Microbial stability, phytochemical
retention, and organoleptic attributes of dense
phase CO2 processed muscadine grape juice.
Journal of Agriculture Food Chemistry, 54
(15): 5468 -5473.
PrÈstamo, G., Lesmes, M., Otero, L. and Arroyo,
G. 2000. Soybean vegetable protein (Tofu)
preserved with high pressure. Journal of
Agricultural and Food Chemistry, 48 (7): 2943
-2947.
PrÈstamo, G., Sanz, P. D., Fonberg-Broczek, M. and
Arroyo, G. 1999. High-pressure response of
fruit jams contaminated with Listeria
monocytogenes. Letter Applied Microbiology, 28:
313–316.
Qin, B.L., Barbosa-C·novas, G.V., Swanson, B.G.,
Pedrow, P.D. and Olsen, R.G. 1998. Inactivating
microorganisms using a pulsed electric field
continuous treatment system. IEEE
Transections on Industry Applications, 34: 43-
50.
Resurreccion, A.V.A., Galvez, F.C.F., Fletcher, S.M.
and Misra, S.K. 1995. Consumer attitudes
toward irradiated food: Results of a new study.
Journal of Food Protection, 58 (2): 193-196.
Riebroy, S., Benjakul, S., Visessanguan, W., Tanaka,
M., Erikson, V. and Rustad, T. 2007. Effect of
irradiation on properties and storage ability
of Som-fug produced from bigeye snapper.
Food Chemistry, 103 (2): 867-874.
RodrÌguez-Calleja, J.M., Cebri·n, G., CondÛn, S.
and MaDas. 2006. Variation in resistance of
natural isolates of Staphylococcus aureus to heat,
pulsed electric field and ultra sound under
pressure. Journal of Applied Microbiology,
100: 1054-1062.
Ross, A.V.I., Griffiths, M.W., Mittal, G.S. and Deeth,
H.C. 2003. Review: Combining nonthermal
technogies to control foodborne
microorganisms. International Journal of Food
Microbiology, 89 (2-3): 125-138.
San MartÌn, M.F., Barbosa-C·novas, G. V. and
Swanson, B. G. 2002. Food processing by high
hydrostatic pressure. Critical Reviews in Food
Science and Nutrition, 42 (6): 627–645.
Senik, G. 1995. Small-scale food processing
enterprises in Malaysia. Food and Fertilizer
Technology Center (FFTC). Postharvest losses
of fruit and vegetables in Asia. Downloaded
from http://www.fftc.agnet.org/library/ac/
1993d/ on 08/02/07.
Szabo, L., Stewart, C., Cole, M., Versteeg, K.,
Sellahewa, J., Bates, D., Wan, J. and  Marcure,
J. 2006. Technology spotlight: Innovative non-
thermal processing. Food Science and
Nutrition 1. Food Science Australia.
Downloaded from http://www.foodscience.
afisc.csiro.au/fsn/1/fsn1g.htm on 19/02/17.
Last updated on: Autumn 2006.
Tandon, K., Worobo, R.W., Churey, J.J. and Padilla-
Zakour, O.I. 2003. Storage quality of
pasteurized and UV treated apple cider.
Journal of Food Processing and Preservation,
27: 21-35.
Tran, M.T.T. and Farid, M. 2004 Ultraviolet
treatment of orange juice. Innovative Food
Science and Emerging Technologies, 5: 495-
502.
Voon, Y.Y., Sheikh Abdul Hamid, N., Rusul, G.,
Osman, A. and Quek, S. Y.  2006.
Physicochemical, microbial and sensor y
changes of minimally processed durian (Durio
zibethinus cv. D24) during storage at 4 and
28oC. Postharvest Biology and Technology, 42
(2): 168-175.
ASEAN Food Journal Vol. 14, 141-152
152      Mohd. Adzahan, N. and Benchamaporn, P.
Weaver, J.C. and Chizmaszhev, Y.A. 1996. Theory
of electroporation: A review. Bioelectro-
chemistry and Bioenergetics, 41: 135-160.
Wekhof, A. 2000. Disinfection with flash lamps. PDA
Journal of Pharmaceutical Science and
Technology, 54 (3): 264-276. Downloaded from
http://www.steribeam.com/articles/PDA-
2000.pdf   on 11/01/07.
Wood, M.J. and Moellering, Jr. 2003. Microbial
resistance: Bacteria and more. Clinical
Infectious Diseases, 36: S2–S3.
Worobo, R.W., Churey, J.J. and Padilla-Zakour, O.I.
1998. Apple cider: Treatment options to
comply with new regulations. Journal of
Assocociation Food Drug Office, 62: 19-26.
Wouters, P.C., Dutreux, N., Smelt, J.P.P.M. and
Lelieveld, H.L.M. 2001. Effects of pulsed
electric fields on inactivation kinetics of Listeria
innocua. Applied and Environmental
Microbiology, 65: 5364-5371.
Yuste, J., Mor-Mur, M., Capellas, M. and Pla, R. 1999.
Listeria innocua and aerobic mesophiles during
chill storage of inoculated mechanically
recovered poultry meat treated with high
hydrostatic pressure. Meat Science: 251–258.
